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= ^VU-ri OOlfeffi <G&£*tr) ; Ri~-Ri 4 <4. 
-fix^ixMitc. ; Anyy ; T/l^;l- ; fflgi.T)V 



n 

,<4. (C = C) n R 15 (CCT\ (CsC)tt, 
flHREffitS-g-T-fef - U F*£* L . nttl-lOT* 

0 . r 1 5 14 r ;Mr^ . r y . smr y - a-rk h d 
r# s ) . 
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[#lt«D4gH] 




a. 



= 7*1 0<D&JS ; R,~~R 14 ti\ 

Irti^tiMiUz. 7km : J^ayy ; ; S»T^ 

(c = c) n R 15 (;;t. <c = cm, 

0. Ri 5 tiT7Mf;K TV—A?. W&TV-frRXfh'J 
( r/U^f/l^ ) is l> /l^>><bSilR SftS ) *» (^StR-t^ 
T#S ) . 

^zmcovZh, IS*JSi~5<0Mix* 1 -3SfciB«iof& 

mt?4 f t^»^±T * ^ai*i. . it*3a i - 5 

[00 0 1] 

iwbnm-hw&ftm **sf±. 2ooi^3^8B 

aj^tf0*ffl1tftaili^6 0/274, 1 4 2-5§-«9®3<c*i 
(OLED) tC*}^Tmffl^3tx5 -/^-t LT^ffl^T 
[0002] 

[t£fc<0##r] ^>i:-e^PISf^«(Tang and cowo 



[IS*JS4] 2,2' -b'fUi»25.y r a«2, 2' - 

[is*ja5 ] 3* i xti 1 1 x'mztiz><k¥m&m-t 

h . FTx 5 •/ ^-XJi F-^'y b t 




n 

rkers)Ji. 1 9 8 7*P4C. *D#>Ti£14t£fiD3rfl£f6*^M 
(OLED) tCO^TlK&L^(Tang, C.W. . etal., A 
ppl. Phys. Lett. 51. 913 <1987)). i&h^MM. % 

&m*m&t-tZ>i><r)X'&-ofZ. Al q 3 (q=l7"D 

Ztl. %tlt>K (l)*SIfJffifflLT1 0 00Atl 
T<m^y 4 )UJ±£&)-t,zBf8.lhm2>'&. < 2 ) 

^m^x'hh^mf ( 3 ) mfttcmx.zft.^-hm^ 
&\tmxf>hm*mmLtz. **ua#. oleds^ 

tbtz. mm. ^m^-mimn^jk^x^>±^j:im 

£*tli. OLEDCfcft^^mSfiOfiJiSSrliEaHLT^ 
fc. OLED&fli.i, X?y7*-VV V— 

WfiWM'£X'mffiZtlX\i&mi l Z(by David E. Mentl 
ey. "The Market Potential for Organic Light-Emitti 
ng Diode Displays," Commercial Report, available a 
t http://www.stanfordresources.com), rffi§<5')4 , ^i£ 

&.aoSjg£A9&*o-o < fc&. mmv <crt) , 

WJk?4 X7U- (LCD) j XTU- 

t m -> tzftmn&PHizmttz o l e d <ma) a , 
[0003] i ) i&^mimz. 

3)ft*3m-fhcr>X*\±ti:<%dC*Z>. 
4 ) 

5 ) ±^A<mimsaf 



:(3) 002-363552 (P2002-36DI8 



<. oledii m$m&iz£^x^%*3mt%-m 

M3t. 0« vAf -f y/Xlift?W-fe^77-fey/iJ 

-x'Bi$.zti-ci>m\ mm*, 'jsmwmm (^77 

■ty7;l>Ztit<i7 << frblfil 000-2000A 

x a tc -muz im--th t«if *m <o«<o $r a 

DCAWTXtfOTTii. «^»4I?4S (ilSti 
Ca, A K Mg-Ag) #>4>*mj£tU jBLjWMS 

mmmmcJ >wj*nm$* (itoi ) 
cawr, m=m&m ietd fcjETLmssjB (ht 

L) JMoT. -£;fi£>*\ JffiLOjHtoteJB+O^H 1 

jtfcfcl v£ ETLt HTLt COP^S'J* CO^XM* tZ& 

iS^ii. ttESfcKxS ^-*«ETLXUHTLt LT 
«iBf SeOkHt-WSTft'SiiX^OLEDU. 

[0 0 04] m^ffflf*:^ ( HTLXIiETL) 

tit Lxft&thmmmznatx, %<m0y%m%ft 
imnwzixhnmiz Y-^y y t lx tmwt&mmx 

^•>- r- t LXtt&-?z>ttm&. *X hfrt> Y-^y b*\ 

cn^j^-nm^ymx-h 0 . bsmstsbws-c. 
ws> h xmtthmzizhztih . &ftm>$&>wt 

15 y ^-fr'OLEDfcioSt*. H— '*> h t LTJ£< JS 

(4. «SiWai83&» tw*^- jEilSIS^fc:iS^< HfiB 
j|B^ ( 7 5%) fcJfc^T-Slfflfi&F (2 5%) COffiVMI 
»*t«0*£IMI8$*i.$. -I*Lfc:**LT. «3fex5-/^- 
#<Sffl2ft.£>^-f4. iETL*^«bi£x5 ^OiJME 

jej»*8:4)3t:^-r* 1 *>i9tfl.*V^(Baldo. M. A., et al.. 
Nature 395. 151 (1998) and Ma, Y. G.. et al.. Syn 
th. Met. 94 . 245 (1998)). M^frnMJtO LED Kfcff 

[00053 HMfe. hii*>. £&t 4 xrv-mmzto 



-^z^-rinsm^me^t^nmrnLxm 

fr±X btl&WffOLEDlZtiXlim&L^. x. * 
•S> . iSttfig?) O LED !8t<0-» WSr^T'* & 
m-?Z>W<r)\£$khh<r>X°fob9tfW.&L^. JSC feiffi 

cowmtmmt. x$ ir (ppy) 
■+ h **fe«ffi^3t^ST-i# ^ *rc u & ( imm?FS3& t 

U15. 4±0. 2%. rtlMMtkLT»4f 1 0 0 

i*»S):U10 5 Cd/m2) (Adachi, C. , et 
al., Appl. Phys. Lett. 77, 904 (2000). X. ttBEM 
jtH-AVhPt (OEP) (H 2 OEP=?r^^Xf- 

OLED(i^ra$mtmct^oTV^|, (Burrows, P., 
et al., U.S. Pat. No. 6,048.630) #\ ^O^iSiS 
«^5 OOCd/mHC^r^T^. ^1/yyfeOLED 

(ctjviT H-z^yht u-cai«sfewi:aA (id 3 

W?XPt ( thpy ) 2 ( thpy=I7Uhy2 
- (2-?-:*XX/W b-'JS/'y) -eLT^Xh-kL 

•cpvk (^u (N-t*-;p) *;^^v*-;P) Srffiffl-r 

SMiiWff^S (Lamansky, S. . et al., W0 00/5767 

6) . ?&L%tfh. *»HhWBflLt»fcPt ( I 
I ) ny7-ix-. y ^x{±. #^XJiJE£8S*£«i®§-r. 

ffl^ix, 0. 1 l%0>m*9frk 1 OOCd/m^cOSa 
Jg*>2 2VT#fett7t. 
[0006] 

E Dfcfcl vc«fflK3tx5 -y ^-X{iH->N'>- h k LX 

mmztizmm%3m&mmttmi,zm-$> . wtc. * 

<i4«rtc, ^^Mmx'^^&^mmtK^mmmm 
®.'&Rvmmzfm-&. *5|bso^^^^ 

[0007] 

^jr 5 . y ? -cr>? r 5 V -14. 5<; I XJi I I <0-(k^tf at 
^W^?. e&£'kts7')l— 71 O^JS^T-fef-D K 

[0008] 

[n:2] 
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i 




!(±. (CsC) n R„(Iit, (CHC)iJ, Rt- 

-e#s) . x. y>v—7i 6cD7zMi£vib&7vmt lx 
%\t>n.x^&t>cDX'&r). x. riv-yiovjtmm 
uKmzwthhnx'hh. 

[0009] fmrn-ft-mz «t -oxtrnztizmtz. ztt 

t><7)a >y-U v 7 xcr>m^>M±. MO O'C^X'^Mz 

>v?-x'h*). ftmmiz£*)mtmm*x. Rwmmi 

miZ£VOLEDI,Z&^Xffitt*lsyi?&frt>fc&<7) 
*3fc ( A. a ,550-630™) ZS-th . 





n 

t Lxozti^comm&izti. zti^oi^Eumm 

T*A£ft&OLED £~£tf. *%BJtCfcV^T. OLE 

d -ex 5 -y ^-xt± h'-^y b t Lxmm-t tmmfA 
>- t Lx&m-rz.mzmmt. -mxtn^-r^ 

^^%mmx'\t. oLEDtxS7^-xii 
b-ny b t Lxmm^-&%%mm. mm by?*. 

—)VA)V^.—^y{carbomon)t2, 2' -t'tl/^'y 
*± tZE.imm=FX'EitiLZtltl 

cooio] m^wmtmmx'iz, oledtxs 9 
-x*i Y-*y b t Lxmm-t&ztmmi. ^ 1 xa 

I I T'iSl £ ix £ -fk^ffiit S: ^HT £ £ i: . 
Hfc3] 




n 

(C=C) n R 16 (ZZX\ (CsC)li, R«- 
MHlM^r-fef J KU*L, ntil~10T'*> 
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Crm^X -stOLED izm^iLX 2>Z\t * { £B*S . 

[ooin *¥twu, m®&mftmt®<?>y 

T 5 V -0£l£fc 1±»Mt/k:«14j&0 LED iZtilfZ % 

2) <t«^-C-&&. 

3 ) ^ScoiSI WjElfB^miQMtK, 

4 ) ( C " N " N ) T'^^iX&HJ^lEfirWH-OCOE 

v-w sytaMMBHkPt (id ayru-y^x^ 
«uiWfi^4H^wwa*aA-&^ c ( c ■ n ■ n ) 

Pt (ID ] ziyyu y^x^i'-iy'iiWt^tiX^^ 

((a) Lai, S. W. , et al., Inorg. Chem. 38 , 4046 (19 
99). (b) Cheung, T. C. , et al., J. Chem. Soc. , Dal 
ton Trans. 1645 (19%). (c) Lai, S.W., etal., Org 
anoietallics 18, 3327(1999). (d) Yip, J. H. K. , et 
al., Inorg. Chem. 39, 3537 (2000). (e) Neve, F. , 
etal.. Inorg. Chem. 36, 6150(1997)). Z\tlt>(Ot£$lk 

91LTti&. A„ aI 5 3 0- 8 0 0n«0«H-C£j©*4 

%mi ( 3 m l c t ) xit^m—^ma^niiiL^conM 
ffiWi ( 3 mmlct) commm<,z^Lxm ] o^x(yix 

[0012] *mi<&Mz«* t^mmmm 

i Xte i I X'mZtiZ . T U -;H±i:S^*li»; 
*«K>mRO=ffiHPKA»fkP t (II) Tl>-/Kr-fcf- 

[00 13] 



[ft4] 




[00 14] 
[ft 5] 

R i— \ >— et— a — . 

— \_/ CuI.BttN.CHjC], 




=1>^U'>>^^.1 5~1 6 

X^f-^ 1 

EM (C " N _ N) gfift^te, ? ^^^(Krohnke's m 
ethod)(Krohnke, F. Synthesis 1 (1976))^ «fc ->XMWk 
^fitz. W.^^T^V' l/ifiV J Xfi/?m (Sonogashir 
a's method) (Takahashi, S. et al. Synthsis 627 (198 

o»-CM»&#ufc. c l -mtrimte I (C ' n ■ N) 
PtCUIl rj yxfA 7>l^kftTXtm%iXfz(Con 
stable, e. wt al. J. Chem. Soc. Dal ton Trans. 2251 
(1992) and 443 (1990)). yTls y 7 Mi. 

Cu(I) - tfRT 5 > - Hmfcfelz £->X&f$.Ztl 

7t. mtii- i^Lit^nD^^y oomL) mm 

tpCO [(C'N'N) PtCl] (0. 33 mm o 
1 ) N *5gOT-tfl'y ( lmmo 1 ) RX/Et a N 
( 3 m L) (OM-gflRlZC u I ( 5 m g ) &ffibQ%tltz. 

zwrnmrnz 1 2mm. mmnm^Tx\ sat. %<r> 

(tWSA 1 2 0 3> igft^iiLT^nn.X:?^) St^/ 

[00 15] 
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o — 


* v> fS&U At*** FAB 
MS:fl24(MN-H).523(M*): 
l H NMK(300MH«. CDCL Jf 
22 'C ,TMS): 6 
=9.02(d.lH > J=5.3Hz),7.94(t. 
lH.J-7.ft H»), 7.87<d, 
lH.J=7.4Hx>.7.82(d, 1H, *=8. 
0Hz).7.68(t, lH,J=8.0Hz),7. 
51 (d , 1H, J= 7 . 7H»). 7 45<t, 1 H 

x),7.21(d.lH,J=7.2H*).7.15< 
t,lH,J=7.4H*),7.02<t, 1H.J= 
7.6Hx).0.27<8,9H>« 


2 




* l^^&ttrAft*.. FAB 
MS:S28(M t +H).627(M*); 
'H NMR(300MHz f CDCU. 
22 C ,TMS): ft 
=9. 1 6(d. lH, J=4. 3H*),7.97( 
m,2H).7. 85(d, 1H, J=8. 1 Hz), 
7.75<t,lH 1 J=8.0Hz),7.66(m, 
3H>, 7.48<m, 2H),7. 3 l<m,3H). 
7- 17(t,2H,J=7.0Hz),7-06(t, l 
H,J=7.4Hz). 


3 




* U ^v^lSfrfttt^.. FAB 
MS:542(M +H).641<Mn; 
'H NMR<300MHs. CDCL*. 
22 C ,TMS): 6 
=9.07<d,lH.J=4.3Hz).7.92( 
m,2H),7.82(d, lH.J=7.8Hz), 
7.96<t,lH,J=8.0Hz),7.53<d,l 
H,J=7.3Ha),7.43(m,4H>.7.2 
7(d.lH,J=e.4H«),7.15<t.lH, 
J=7.3Hz),7.10(d,2H,J=7.9H 
x),7.02<t. lH,J=7.5Hz),2.35( 
a,3H)„ 


4 




# ft « * » * v FAB 

'H NMK<300MHz, CDCL*, 

22 C ,TMS): 5 

=9.12<d.lH.J=*6.2Hz),7.95( 

m,2H), 7.83(d, 1H, J=7.9Hz), 

7.7 2<t, 1H, J«8.0Hz),7.60(m > 

3H),7.49(d,2H t J=8.8Hz),7.3 

O<<UH,J«0.8K*).7.16<t,lH, 

J=7.4Hi),7.03<t,2H,J=7.4H 

z),6.84(d,2H.J=8.8H;0,3.82< 

*,3K), 
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»» as w FAB 
MS:562<MVH 
NMR(300MHz, CDCL a , 
22 C ,TMS): 6 
=9.05(d,lH,J=5.1Hz),7.94(t f 
lH,J=7.8Hz),7.87(d, 1H, J=7. 
6Hz),7.81(d,lH,J=7.9Hz),7. 

7l<t,lH,J=8.0Hz),7.62(d,lH 

,J=7.7Hz),7.46(m,2H).7.45< 

d,lH,J=8.5Hz).7.27(d.lH,J 

=4.2Hz),7.23(d,2H,J=8.8Hz) 

,7.15(t,3H,J=7.4Hz>,7.03(t, 

lH,J=7.4Hz). 


e 






# & & £ . FAB 
MS:546(M + +H),545(M + ); , H 
NMR(300MHz, CDCL 8 , 
22 l C ,TMS): & 
=9.12(d t lH,J=5.2Hz),7.97(t, 
lH,J=7.9Hz),7.92(d,lH,J=7. 
6Hz),7.84<d,lH,J=8.0Hz),7. 
74(t l lH.J=8.0Hz),7.56- 
7.47(m,5H),7.32(d,lH,J=7.6 
Hz),7.17(t.lH,J=7.4Hz),7.0 
5(t.lH,J=7.5Hz>,6.98(p8eud 
o-t,2H,J=7.7HzK 


7 






> FAB 
MS:573(M*+H),572(M 4 ); 
'H NMR(SOOMHz,d 0 -DMSO, 
22 C ,TMS): 6 
=8.98<d T lH,J=4.6Hz),8.48(d 
,lH,J=8.0Hz) ( 8.32(t,lH,J-8 
.0Hz),8.20<d,lH,J=7.4Hz),8. 
14(d.2H,J=8.8Hz),8.11(t,lH 
,J=8.0Hz),7.99(d,lH,J=7.8H 
z),7.83<t,lH,J=7.5Hz),7.G8( 
d,lH,J=7.3Hz) J 7.62(d > lH,J 
=7.4Hz),7.68(d,2H>J~8.9Hz) 
,7.11<t,lH,J=7.3Hz),7.05(t,l 
H ( J=7.3Hz)„ 



[«3] 
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» «f & , FAB 

MS:534(M*+H),533(M + ); 

»H NMR<300MHz,d 0 -DMSO, 

22 V ,TMS): 6 

=8.94<d,lH,J=5.1Hz).8.46(d 

,lH,J=7.9Hx).8.30(t,lH,J=7 

.8Hz),8. 17<<UH, J=7.6Hz).8. 

08(t,2H,J=7.9Hz).7.96(d,lH 

,J=7.9Hz).7.84(t 1 lH,J=6.4H 

B).7.66(d l lH.J=G.2Hs).7.59< 

d,lH,J=7.4Hz),7.21(d,lH,J 

=4.9Hz), 7. 10 (t , lH,J=7.8Hz) 

,7.03(t, IH, J=7.3Hz),6.97- 

6.92<m,2H). 


9 






tl^V^fefefi^*, FAB 

l H NMR(300MHz,d«-DMSO, 

22 C ,TMS): * 

=8.99(cUlH,J=4.8Hz) t 8.68(d 

,lH,J=8.0Hz).8.50<8,lH),8.3 

2(t.lH,J=7.7Hz),8.24<a.lH). 

8.08-8.06(01.2^,7.84- 

7.78(m,2H),7.70<d.lH f J=7.9 

Hz),7.61- 

7.S5(m,3H),7.36<d t lH,J=7.2 
Hz),7.26(t.lH.J=7.6Hz),7.1 
7-7.0Km.3H). 


1 0 






* is V ^fe#&&5fc, FAB 

MS:614(M*+H).613(M + ); 

»H NMR(300MHz.CDCl a , 

22 C ,TMS): 6 

=8.90<d,lH,J*5.4Hz),7.99(t, 

lH,J=7.5Hz),7.90(d,lH,J=8. 

0Hz).7.76(d,lH.J=8.2Hz),7. 

60-7.57<m,3H),7.40- 

7.31(m,4H),7.26<d,lH,J=6.1 

Hz).7.03- 

6.98(m.2H) f 2.48(8 ) 3H).0.33( 
s r 9H) M 
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1 I 


X 


\s >"^fe^B B Bf&5tc. FAB 
MS:618(M + +H) t 617(IYT); 
'H NMR(300MHz, d fi - 
DMSO, 22 C ,TMS): 6 
=9.04(d,lH,J=5.0Hz),8.69(d 
,lH,J=7.9Hz) f 8-24(8,lH).8.5 

0(8,lH),8.34(t,lH,J=7.7Hz), 

8.24(e,lH),8.01(d,2H,J=7.5 

Hz),7.84-7.74(m,3H),7.40- 

7.30(m,4H>,7.30<t.2H,J=7.5 

Hz),7,18- 

7.06(ni,3H),2.40(8.3H).. 


1 2 


X 


* 6 £ & . FAB 

MS:632(M 4 +H),631(M*>; 

'H NMR(300MHz, d c - 

DMSO, 22 C ,TMS): ft 

=9.05(d,lH.J=4.9Hz) t 8.5B(d 

,lH,J=8.0Hz),8.34(8,lH).8.2 

0(t,lH,J=7.9Hz),8.00(6,lH), 

7.85(d.2H,J=8.lHz).7.76- 

7.68(m,2H),7,62(d,lH,J=8.2 

Hz),7.3l(d,2H,J=8.1Hz),7.2 

6(d,2H,J=8.0Hz),7.07- 

8.97(m,4H),2.39(s.3H>,2.28( 

s,3H)„ 


1 3 


X 


* U > FAB 

MS:634(M*+H),633(M I ): 

*H NMR(300MHz, d 0 - 

DMSO, 22 C ,TMS): A 

=9.00(d,lH,J=:4.9Hz),8.B9(d 

,lH.J=8.1Hz),8.48{8,lH),8.3 

2(t.lH,J=7.9Hz),8.26(9,lH), 

8.08<d,2H,J=8.8Hz).8.06- 

7.81(m,2H),7.72(d,lH.J=7.1 

Hz),7.35(d,2H,J=7.1Hz),7,2 

6(t,2H,J=7.6Hz),7.16- 

7.04(m.5H),3.84(s,3H).. 



[001.6] 



[^51 
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1 5 




1 6 




FAB 

MS:638(M'): 

l H NMR(300MHz, d e - 

DMSO. 22 C ,TMS): 6 

=8.99(broad,lH),8.64(d.lH, 

J=7.7Hz),«.47(b»1H),8.31(c, 

1H, J=7.GHz).8.2 I (ft, 1H),8.0 

9(d,2H,J=8.lHz),7.82- 

7.G8(m.3H),7.62(rt,2H.J=ti.2 

Hz).7.38(d,2H,J-7.2Hz).7.2 

8<t > 2H 1 J=7.3H7.),7.18<t,lH,J 

=7.<)Hz),7.Q8 7.03(m,2H), 

» ft «• tfe ft * . FAB 

MS:634(M + +fcD,533<M>); 

'H NMR (300MHx, d„- 

DMSO, 22 C .TMS): * 

=:9.01(d 1 lH.J=5.0Hz),8.46(d 

,lH,J=8-2Hy.),8.35(t,lH,J=7 

.9Hz),8,02(d,lH.J=7.6Hz),7. 

96(t, lH.J=7.8Hz).7.85(t. 1H. 

J=6.4Hz),7.72(d,iH.J=4.9H 

•z),7.56(d,lK.J=7_3Hy.),7.38< 

d ) 2H,J=7.0Hz),7.2n(t,2H > J= 

7.GH*),7 17(t,lH,J=7.3Hz), 

7.11(d,lH,J=:4,GHz) ; 



« ft m & FAB 

MS:548<M + +H),547<M'>; 
»H NMR(300MHz. d, r 
DMSO, 22 V >TMS): * 
=9.03<d,lH.J=5.2Hz),8.47<d 
,lH,J=8.2Hz),8.34(t.lH,J=7 
.2Hz),8.02(d, lH,J=7.9Hz),7. 
96(t,lH 1 J=7.7Hz).7.8G(t.lH, 
J=6.3Hz),7.73<d. LH.J=4.9H 
z),7.&6(d,lH f J=7.6Hz).7.26( 
d,2H,J--=7.9Hz).7.13<d,lH,J 
=4.6HzK7.11(d,2H,J=7.9Hz) 
t 2.30(a,3H).. 
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Pt ( thpy ) ,x5.y*-fcli*U*tt«l**r*\ 

tools] a yyu ^^x<o^fm^tt9 

*%ffll£&^Xli. P t (II) ±izM^t>JEKtfi 

. (c*N*N) pt (in SB^^T-fef- 

XVI itS^ny7V7^x^7r$ , J-(l SI 
XtftSt^y h'<?)0i£*i I I fcUH&fc. « I I 
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MIjTTV^v p/viai f /mol dm^cm" 1 ) 

iHLAy 1 ^ * ^ 1 f mil \ t / UiVJL VJiu VAii / 


X /nm( z J u si <£n) 


1 
1 


4?7(5490") 450 (sh. 49201 505 (sh 430) 


570(0. 31 ;0. 041) 


2 


434(5180). 455(4940), 5l0(sh, 470) 


582(0.39:0.037) 


o 
o 


440^0^0") 4fi5(«;k. 49501 515 (sh 1190) 


600(0. 17:0. 019) 


4 


440(4200). 460 (sh, 4220), 520 (sh, 1570) 


630 


5 


432 ((8670), 455 (sh, 8310), 515 (sh, 720) 


598(0. 53; 0.076) 


6 


433(4880). 453 (sh, 4760), 515 (sh, 640) 


585(0. 33 ;0. 033) 


7 


4l5(sh, 12930), 510 (sh, 540) 


560(0. 93 ;0. 077) 


1 5 


436(4970), 460 (sh, 4490), 515 (sh, 460) 


615(1.02)0. 029), 660 
(sh) 


1 6 


442(6010), 465 (sh, 4800), 520 (sh, 670) 


616(0.91:0.025), 660 
(sh) 



[00 191 ziy7Uy?A2RlSl 5C*fLT#"J^£ 
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#^7fTi^:^cOU-fWg(Prof. S. T. LeeHdioTSQ 

a*oS^3>'7"U-y^^Sr^tf^:-CcO^@{i: I TOl 
»±fc*2SR«$nfc. NPB (N. N' -S^-l—*- 
7f-;U-N. N' -y7i^-<yyy>') tA l q 
3 (q = 8-bKn^#/'J- AO 14. -tft-etu I 
TLftilfcffi^fiSiiMe^LTtefflSft*:. BCP (2. 9 
-i^ f-/l/-4, 7-y'7i — /U- 1 . 1 0-7it> 

TfgJflSft*:. SIR 3 ftTtPtrj^V-y 
X$y?-fc LT*£®t£*Xh*mCBP (4, 4' - 
N, N ' -isjHVW— yW-b*7xX;W) 4>£F— 7*3 
*t£. ^SS^H-trv^*^{i. 2. 4#.tf6%TU3g 

[00 2 1] 

fc LTisBfflL*:. F-tf^7f<i£A<2%0^ffl:w{t*lfi , >J 
^tSJEfcHftX'^ WU, «g£-«JE ( I - V) kS?*- 



«e <B-v) tt«si. avm^-^a^JKftis^ia 

7T'^£;ft&. ?->*ym& : ~5V ; : 1 

2VT*9 6 0 0Cd/m 2 ; ft*C$>^ : 2 5mA/cm 2 
X'A. 2Cd/A. tgfflgftJ*^? hJWCiJVVt.. 5 6 
0-6 3 0nm^)Ayh'S<l;, h'-A'yht 
c0P B 1O^+^x^^'-^SjiS:^-r4 3 OnmW- 

[0022] C %lift0!l 2 ] 4 %C0 H- 1 >^*SP"C. X 

*»H8K*$*L4. ^->-5}">"ffl:ffi : —5 V ; 

1 0VT"7 9 0 0Cd/m 2 . ft*^ : 3 0mA 
/cm 2 t2. 4Cd/A. IWH-ty/**^. 

x F t H-^v F i: coS^x^;u^'-^i!){ig&*j$n 
T*X F*> (b«^t**®S3ii!t . 
[0023] iSv^-tUnyri/v 
?x3*WH3it£. 4%oK-ey^'7j<^<7)^aott 

tg<iH9(c^$it^>. SiacO^'^no^^VjgJflE^; 

58 0 nm) . : — 5V ; : 1 

2VT'4 0 0 0Cd/m! ; : 2 0mA/cm 2 

T*l. 4Cd/A„ 

[0 0 24] CH»J4D Xi-y^-t LT3>7V-y 
? X 1 6 #««H3 flfc . 4 %C7) K-tfy ^K^O^ScO 
tttl(il21 Otc^SixS. S«Wt«a'ft 

h/P (A oax 6 lOnm. 660n 
m) £ft~lifc&?$>-?fc. 9--y*VWi : -5V ; « 
;fc8SJ£ : 1 3 VT3 2 0 0 C d/m 2 ; ifc*c5()$ : 3 0 
mA/cm 2 Tl. 0 C d/A. — ©Wt-. *^«05<i 

I &V I lT*Sii6«'Sr*liA««3te*mtt, 
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[ n ® m w m * 3 

ORGANOMElALLIC llC^FSHlTTINy MAJ'ltkUt 

:•' delated Applicatioflg 

' • '' ThLWbject application claims the priority of United States provisional patent 

apjjicsttontfc. 60/274,142, filed on March 8.; 2001. 

■ 

ft&ihvTOtianrelattstong^^ 
Joules to nature, .hichca.be deposited as a thin layer by vacuum deposition, mid 
which cm act as electrophospborcscent «nitU» in fcgh^Hcieney and Mgh-bnehtaOM 
organic kghtr««nitth»g devices (OLEDs). 

ft,>k f r«rtiiid » f *H Tgvention 

• Tang and coworkers first reported oa high-performance organic llght-emitling 

devices (dtEDs) in 1987 CTanaC. W.;«t A ^ W. ^ 5L 913 (1987)). Their 
discovery^ based on employing a.moltilayer structure containing an emitting layer and a 
: hole transport layer of a suitable organic substrate. Alq, (q - deprotonated 8- 
hy&oxyquinolinyl) vms ehosaa as th. enuttu^ 

performance because(l) it can fonuvoifonntlun films imd^r 1000 Awing v««^ 

deposit** (2) it la a good charge carrier and O) it exhibits strong fluorescence. Sihce then, 
' there has been a flourish of research on OL&Ds and materials used in these devices. Indeed, 

nearly every large chemical company in the vrortd with optoelectronic interests has; 

demonstrated some level of interest in OLEDs. Clearly, OLED technology is heading 
• dltBclyandiapidly into the marketplace, as suggested in a commercial report by Stanford 
: Resources (by DavidE. Mentley, "EheMadcet Potential for Organic Light-Emitttog Diode 

Displays," Cownerc^ 

attractiveness of OLEDs as it challenges traditional technologies such as cathode my tubes 
(CRTs), liquid crystal displays (LCDs) and plasma displays is based on many fiiatures and 



• Low operating voltage, 

Thin, monolithic structure, 
/; Emits, rather than modulates iight> 



-I- 
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' • Good luminous efficiency, 

• Full color potential, and 

♦ :ffigh contrast and resolution. WmiIw- 

kL*,^ In some M ta»rW* —^"t fc 

LeSieiencyimproven^nt Whenever a dopant is ^ent.fce p-donnnaot m^alinthe 
dN.-d.W*.*-"^ Ideally, mnteri^thatare^entashosts 
a.d dopant are matched SO as to have a high level of energy transfer from the h«t to the 
dopant, and to yield erniasion with actively narrow band entered near selected spectral 
region with high-efficiency and high-brightness. 

While fluorescent emitters with high luminescence efficiencies have heen. 
extensWly^ieoasdo^ 

tfais domain. However, the quantum efficiency of an electrofluorescence device s luxated 
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^-reemployed, the P ^^^^^ 

p^o^t^.ay^Uin^canay superior deccro,^^^ 

proved be of relative Wgt-efficieney andhigfa-brightness. J 

efectmptosphor^ 0n6 ofthc^primaiy colors, red, 

™en-aadbluc so that they may b= u^ a, a component layer in Ml-lor display^. 
Itfc^o double thatsu^^ 

vacuum d^ositlon techniques, which has l*en prove to be a common method for high- 
performance OLED fabrication, so that the thickness of the emitting layer can be fcpcuely 

controlled'. • ' ■ 

Neatly, the bighest efficiencies and brifihtness have been obtained witb-fcrseu 

el«*ophospho«Lcent device, (1 5.4 ± 0.2% for external quantum efficiency and fbaost 

100% for internal efficiency, 10< Cd/m 1 for maximum lurnu^) usmg hlPPyVfPPy = 

depTDtoruiedZ-pbeny^^ AppL Phys. Uft.^;9QA 

(2000))- An OLED emitting saturated red.likht based on the elecbophosphoresc<mtdopant 

P<OEP) (H 2 OEP ~ octaethylporphyrin) has .also been published and patented (Butwws, P.; 

etaL U. S. Pat. No. 6.048,630) but the nutximum luminance is only around SflpCdnT*. 

A Levant parent is th« use of the cyclometalaffid ptatinum(]I) complex Ptfthpy), (thpy - 

deprotonated^thioeny^yridine) as dopant and PVK (poi y (N-vinyl)carbazol^ as Ihostla 

a 0 raageOLED(Lamansky.S.;etaL WO Pat No. 00/57676). However, the PtpO) 

complex used by the inventors was not stable for sublimation or vacuum dcposifJim.thus a 

spin^asting method was applied, which led to higher driving vohagea, quantum |fficiency 

of0.11%'andluminanceoflOOCd/m I wereobtainedat22 V. . ; 

. > 

ggmmag gfcfkfi Invention - . 

' The present Invention is ditected to;novel organometdlic light^ttmg lgat^S 

which may be used as electrophosphoxesceot emitters or dopants in Hgh-perforinance 
OLEDs. In particular, the present invention is directed to the design, synthesi^jjroperties 
andappUcationsof a family of phosphorescent emitters which, when added ineffective 



-?- 
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^oUta stable hostnutterUU including e^sivc compounds, elcct^n tran^z^g 5 ; 
^oubdiandhole transporting compounds]^ the color of emission in tie ^ ■ . 
^geidenhanccthedc^ecfficLencyand^ghtn^. Furthermore, the thermal s*hnty ; 
of tfa JpHospWscent emitters in the presexjt invention are sufficient to al.ow s^abon, 
so that they **y be readily incorporated into devices using vacuum deposition l^quCS, 
M d:hehce:higb.p C rfonnance electrophosphorisp cut devices prepared entirety fiam Tacuum- 

depositisdlnaterieils may be realized. j • 

: ! Ide Wly of electrophosphorescent fnutters for use in the present mverjuoniare • : 
acelylide (nlkynyl) complexes of the Group ijO metals, ingoing platinum, with.theriucal 



jj^icjbiW^f either Formula I or H: 




' • ! ' | whirein E = Group 16 elements fmc|ud4ig sulphur); M - Group 10 me^al J . ■; 
(in^dingilaliaum); Rr*u ■» independently selected from the group J 

^nsisunpif hydrogen; halogen; alky^sub^tutodalky^aryUsubsntutedary^witJ, . . 

substitueots selected from the group consisting of halogen, lower alkyl and j ^ ; 

recoiuzeddonorandaceeptorgroups. rJc» also be selected from (C^C)^,, where ; 

(C=C) represents a carbon-carbon triple bokd (acetylide group), n is selected ipm : 1 to 10, j 

Wi w is*dectedfrom^ Groupj 16 elements . 

areaUknovmnsthcGroupVIAelementi Group 10 elements also belong to Group j 

• ■ : , .! ■ " ! I ! ' ! 

•VDTB. j . j : ! 

' . j As-established by thermogravinietr|c audysis, some of these complexes are . j 

. thenially stable up to - 400 °C. These complexes are good phosphorescent ^nitters and. i 

■ giyejsttmg orange to red emissions ijSO-ttO nm) in fluid solutions by p^toiexcilabon; 

indin:QLEDfi by electrical stimulation, j. ■ ! . 
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of the family of electrophosphoresoent emitters defined by Formula I and II. ^^f^ 1 * 
i^de ^synthetic method for these novel complexes a, weU as their use as i^ttmg 
material. These OLED applications include OLEDs wherein these complexes ate | 
mcorpomted as components either by vacuum deposition, ^-casting or other device 

'. -Mthe present invention, the Ught-emitting material fox use as an emitter or d^aht in 
anOLl^compri** one or more meuu-a*^ (metal-alkynyl) groups. In ahernahw, 

• the light-^mng material for.se aaanemitteror dopant in an OLED comprise^ 
more pbtm^-acelylide (platinmn-alkynyl) groups. In one embodiment, the Ught-^ttmg 
materia! for use as an emitter or dopant in anOL£D can comprises aplatinum atom 

.^ordinaledbyatridemtaeyg^ 
embodiment, the ligbt-emitting material for use as an emitter or dopant in an OLED ; 

. comprising a platinum atom coordinated by a tridentate bgaud bearing a deprotonajed 
phenyl oarbonion and 2,2'-bipyridine. ; : 

In an exemplary embodiment, the lighHanittfug material for use as an emitter or 
dopant in an OLED can have a ohamical structure represented by cither Formula I or II: 





; : if..'. 
^berenvE - Group 16 elements (mcludmg; ! mlphur); M - Gmup 10 metal (inclu^&g 
platinum); R r R>4 Independently delected from the group consisting of h^drpgen; 

halogen; alkyl; substituted alkyl; aryl; substituted aryl, with substituents selectedfrom the 
group consisting of halogen, lower alkyl and recognized donor and acceptor groups. R, can 
also be selected from (0=0.11,* ( CaC > «P I0Sent s a «ibon-carbon tripte bond 
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aryl, andtri(allcyl)silyl. . :T 

ft one embodiment, the Ught^W.niatoial can * deposited as a tinn layer by 
I sublimation or vacuum deposition. In another embodiment, the light-emitting material can 
be fobricatedinto OLEDs using spin-coating at other methods. 



> : 
. i • 



\ Bris£^g££ffi tIsB Figure 

Figure i. (General heterostructure of OLEDs. • ] . 

' Figure?. TGAourvB of complex 2. 

Figure 3. TGA curve of complex 15. . ! 

'■ Figure 4. VVMs absorption and emission spectra of complex 2 in CH 2 Clj at 298iKi 
I F^r«&. UV-vis absorption and 

! FigureATteheteroslructure of OLEDs in present Invention. . j- 

Fig-r* 7. Hectrolummeseent spectrum, current-voltage (I-V) and lununance-volta^<B- 
; ^curves and luminescent efficiency-cunrent density curve of.be device using convex 1 as 

emitter with a doping level of 2%. 
" Figured fileetrolumioescent spectrum, cn^t.voltage (I-V) and luminance-volt^eCB- 
; V) curves' and liiminesoent efficiency-current density curve 0 f the device using complex 2 as 
' emitter with a doping level of 4%. ' !. 

Figure 9. Electroluminescent spectrum, curtenr-voltage (I-V) and luminance-voltage (B, . 
V) curves and luminescent efficiency-eurrent density curve of the device using complex 3 as 
«nitWwithadopmglevelof4%. .": 
Flgiirt W Electroluminescent sp ectnun, c^t-voltage (I-V) ami lunmradce-vo^ , 
(B-V) curves and luminescent efficiency-cuxrent density curve of the device using ^omplex 
l6as«rmtter\vithadopinglevelof4%. , 

petaHeaiBes -rtpri"" fit the Invention 

' llxe present invention is generally directed to syntheses and proves of a family of 
' organometallic ligbr-emltting materials aod>ir applications in higb-performan C e.|0LEI> 3 . 
These novel complexes possess several chemical and structural characteristics as follows: 
• Cyclomatalateddiimine complexes of Group 10 metals, including platinujn. 
. ^Neutral molecules, '■ \ 

■ .-Square planar coordination environment around metal, . j . 
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.TridcaUtcH^dsdefinedasCC^occupy^ 
. .AcetyUdeCafcynyl) group occupiesf, &W ih coordination site. 

^tcristics of both dfiinine kd cycWalatcd PtQl) complexes have been 
rsMCtrosc^iccfaaractCTiaticsotDomQiimi * r-dtO. J 

. , #1,1-^1/1 stale and in fhttd solution. TJie raauvci y 

; (TV<MLCT><Hrcited states. 

I ■ T*e pr^nt invention win now be * de ** 1 1 , . 

I e^bodinJ^i-^ 

; * iftuaaative example and (be invention is*ot to be limited thereto. 



? - 




ci r" — 




= gyjn^cpieflicdsarcshovmmScbeniel:; . . >■ 
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H 



Oil, El 3 N. PHjOj 




CnimpJcJ« IMfi 



Scheme 1 

' • Tfe^de^CC^)^ 

^^■^^1(1976)). The ^s^l^^^^f^ 8 . 
^od(TB^a 3 HS.etal.^^627(m0)). The CUigated precis . ; 

V [(WW were prepared under Constable's condition (Constable, E. C; ct al.;-J. 

• L.:^;^^. 2251 (1992) -4443 (WTO The desired cotnplo*^ 
^the^byCuCD-organioarnine.c^y^.reacdons. For example, to a ,n*t^ 
^N)PtCl] (033 mW), tergal aee*W (I nunc.) Et 3 N (3 »L) » 
CH CL (3oU S dution was added Cul (5 mg). The suspension was stilted for 12 hunder 

mbrtuxe was rotatory-evaporated to dryness.:; The crude product was purrfied by flash 
' cartography (neutral Al^CH,^ as eluent) and/or recrystallizauon fi*m J 
: di.Moron^hane/die^ ether. Examples ate listed in Table .1 but not limited by them: 





■ Characterization Data „_ 

owng.^ysul"^ powder! FAB MS: 52* (M* + H). » (NTH 
'H NMR C300 MHz. CDCI* tl 'C, TMS>: S = 9.0Z (d, )H J- 
MHfe 7.94 ft m,J=7.»K,), 7.87 (d. JH.V-7.4l4), 7.82 
(d,.lH,./=8.0H*),7.68(t. 1H.J= 8.0 H^). 7.51 (4 JH./-7.7 
Hr), 7,4S (t, HI. J- 7.S Hi). 7.41 (d. 1H../- &l Hzi;72l (d. 
IH; /- 7.2 Hz). 7.1S ft 1TJ. ./= 7.4 Hz). 7.02 ft HW J» 7.5 
H*) 0.27 (», 9H). 



- ^jpaysmlUn.; pow der. PAB MS: 528 tM^H}, 52,7, (MTi 
'H^NMR O00 MHz, CDCt,, 22 «C TMS): S = 915 (d,ilH. 
4 3 HzX 7.97 (m, 2H), 7.85 (d, IH. / = 8.1 »* 7.75 0*1* J- 
8.0 Hz), 7.55 (m. 3H). 7.48 On. 214). 7.31 (m, 3H> 7.1? ft2H. 
./^•OJH^.Of ftlH.-/'7.4H,t). ; 



.;8- 
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DCK, 





4B— C >-NO> 



WVmd c^line po*d«. PAb MS: 442 (M? + 4" 
(NO); W UiR {300 MHZ, CDCI,, 22 "C. IMS): 8 = *I7$ 
IH, J- 4.3 Hi), 7.W («. ««L ™ 2 «. W. ^ 7 - g «* W9 
1H, J=8.0 Hi), 7.53 (d, Hi /« « Hz), 7.43 (m, <H), 7J1 (d 
tH, 6.3 Ht> 7.1 5 (t 1 11, /- 7.3 Hz). 7.10 (4, 2H. J-.1* 
HE), 7:02 ft 1H, J- 7.S I lz>. 2.35 3K). 

«A c^UUilW powder. FAB MS: 5SX (M* + H). 557 
HMRtf'oO MH7, CDCI j, 22 «Q 'VMS): 8 = 9.1 2 (d, 1H, /-5.2 
H«).7>3 («».2H), 7.83 (d, IH./-7.9 Hi)> 7.72ft W./-M 
H2),7.50(m,3H). 7.4»(d,2ll,V-«.8Hi).7.30Cd. 
Hi>, 74 < ft 1 H, J " 7-4 Ha), 7.03 p. 2H, vT=- 7.4 Hi), 6.84 (d, 
2H,./-8.8flz).3.*2(»,3H). 



inwi^todWtallinc ponder. P/413 MS: >62 (M'); MB** 

- ^ fi \xi lm * I W*V ' 



<300;Mfte. CDCIm 22 *C, TMS): S - 9.0S (d, IK J- * » 
ufoi'l* J= 741 Hz), 7.87 (d. 111, J-7.J Hi), 7.81 (£ 1H. J 

7.9 Hz). 7.71 ft lH../««.0Hz). 7.52(d. lH.y-7.7Ib3, 
7.46;«n, 2H). 7.4S(d. lH.y = 8.SHz>,7.27 (d. IK, /-«&), 
7.23>(*, 2R/-S 8 Hz), 7.IS &. 1M. 7.4 Hi). 7.03 ft Hi J 



Hwfai»<«T*b. HAB MS: S4S(M' + H), 545 ftf£ g ^ 
(300^ CDCI}, 22 «C 'IMS): 8 - 9. 12 (4 IK J' Sii &). 
7.97 ft 1H,./- 7.9 Hz). 7.<J2(d, IH.J= 7.6Mz),7.>4 (d, IH.^ 
-Si Hz), 7.74 (t. 1H. J" 8.0 Hz). 7.S6-7.47 (nt, 5M). 7j2(d. 
Uf#- 7.6 Hz). 7.17 ft 11W-7-4 Hz). 7.05ft IH,/iO-S 
Hzi 6.98 (pseudo-U 2H, J - 7.7 Hz). 



onftjperysaainc gowto . FAB M3: 5?3(M^H> y?2 < ^->: 
•HNMR (300 MHz. rf^MSO,22 "P, TMS): a - M*(d. 1H, J 

- 4!SH0. 8.48 W. 1H, /-8-0 Hz). « 32 ft 
8.^ (d. 1 H. J - 7.4 Hz). 8.1 4 (4. 2li J" 8.8 Hz). 8.1 i ft 1ft J 
= |oH*),7.99<d. UW-7.8 Ht), 7.83ft tH./-7.5HiX 
7.fi* (4 IR/-7J IU). 7.42(4. IH^=7.4H«.7.58W 2H,/ 

- B>Hz), 7.1 1 ft Hi 7J Hz). 7.85 ft IK. J- 7^'Hi). 
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8 




town:??**. FAD MS: 534 pir - H). >J:> ); 
(300 jiite, ^DMSO, 22 *C, TMS): 5 = S-94 (d. IH, J = 5J ■ 
H&feff (i IHV-W ft m,J=7.SKz),S.tm 
im^/L 7.6 Jfc), 8.0ft 2U. i * 7,9 HA tt 1 «• /p ™ 
lb). 7,84 (t. 1H, J= €.4 Hz). 7.66<d, IH../= 6.2 Hz).7^(d, 

7.4 Kb), 7*1(4, 1H. WOa */-^ 
Hi), IJM (t. IH. J- 7.3 Hz) r 6.97HS.92 (m, ttft 

; : ! . 


9 




oranKccry^Uncpowdir. KAB MS: 604 (M*+ H\ 603 OTO 
•H N^R <300 MHz, rfrDMSO. 22 *C. TMS): 3 - U» 
-4 ifl*1.6B (d. IK,J- 10 Hi), 5.50 (s, IH), 8.32(t. !H ✓ . 
- 7.7 Hi), (s, IH). X-08^8.05 (m. 2H), 7.84-7.78(^2^ 
7.7oid, 1H,7«7.$> Hz). 7.61-7.53 (m, 3K), 7.36 (4 IH, Jf- 
7.2 Hz)> 7 J6 (t. IH, J - 7.6 1 Iz). 7. 1 7-7.01 (m, 3H). 

; 1 

• ! 


, lfl 


X 


o^anfr crystalline pander, FAB MS: 6 14 <VT + H), 603 iM. 
»H NMR (300 MHz, CDCI,, 22 °CX VMS); 5 - 8.90 <* iff** * 
5AHz),7.??(t, IIW- 7.5 lis), 7.90 (4, IH, J=8.0H#"7.76 
(4'1H^°^2 to). 7.60-7.57 (nu3H). 7.40-731 (rn, 4H);7.26 
(d, to. ./= 6.1 IJjtL 7.03-6.96 im, 2H), 2.4* (s, 3H),033 (a. 


11 


X 


orange crystalline powder. FAB MS: 618 (M* + H)* 617: <M3; 
'uitfu/p nnn MHz. ^-DMSO. 22 *C, TMS): B ■* 9.M (d,JH, J 

- 5l0 HzX 8.69 (d> IH, -T- 7.9 Hr), 8.50 <s. lHX *34 MH^/ 

- 7:7Hz),8.24(s, 111), 1.01 (<i 2 H, ./ B 7.5 Hz), 7184-7J74 (in. 
3H), 7.«0-7.3O (m, <IH). 7.30 <u 2H. 7.S IIz), 7.1Sr%06 (m. 
3H);2.40(s 1 3H). 
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. . ._ . ,x /w*v »h vjmt^qqo 




X 


red crystal* FAD MS; tf* t nj, « * v~ /• - - . • *v . 

8 J6 (i 1H, /= 10 Hz), 8-34 (t, 1 H). 8.20 ft. \H J" «!»* 
&.00(i !H),7.85(d, 1H. J - U Hz), 7.76-7-68 (m, 2H*7.62 
(d, \H,y-a2H»),7.31 Cd.2H.-r*K.I Hz). 725 (d^ZH;/- 
8.0HiX7^.97(m.4H).2.39^3H).2^8(J,5H> : . 


13 


X 


own* evflOtae powder. PAB MS: 4J4lM* + TO, 
•pHfeftCMO MHz, 22 «C, TMSfc 8 - 9.00 fl$UU 
(4 IH.S-SJ Hz), 8.4J (S. 1H). 832<%!*H>./ 

=7*Hz>. 8.26fe IH). *•<* *»• ■ / - «■* »*■ 8 ^'l 1 ^ U 
jH).'7.?l(a. ia/-7.l Hi), 7.3J (d. 2H.y-7.t Hz). 736ft 
2H, /- 7.6 Hz). 7, ! 6-7.0* (m, SH>. 3.84 (*. 3H). 


14 ■ 

s * , 


X 


MHi ^MSO. 22*C,TMS): B-8.99 {breed, IH3.S£W. 
!R*;/«7.7Hz>, 8.+7(a, 8.31 1*./- 7.6H*X ?:2LU 
Itfy 8.09 (d. 21 J- 8.1 KA 7.**-7.M (m, 3*0, 7.62 j& / 
- 8^2Hz). 7.38 (d, 2H, J* 7.2 HZ). 7.28 (l, 2H,J' m 7.3&l). 
7.1 t(t IH, J - 7.0 HaO. 7.08-7.03 (m. 2H). 

*i • 


15 




■b*rfyDi*Ed<«. FAJ3 MS; 534 <KT + H), 533 C>T); wwk 
(30& MHZ, ^DMSO, 22 *C, TMS): S - 9.01 (d. 1H,>« 5.0 
H&M6(dL 1H,y- 8.2 H4. 8-35 ft tH,;« 7.9 H**. 
1 # /- 7.6 Hx), 7.96 (i. U 1, J ' 7.8 Ha* 7 .85 (I, 1H, ^ 

7.72 <d, 1 H ,J « 4.9 Hz). 7.56 (d, J H* J - 7 J Hz)j V J« <4 
2H, J-7.0 Hx), 7.29 (1. 2H, J - 7.6 H*), 7.17 (t, IH, £ 7.3 
Hz),7.1l<d.lH./«»4.6Hz). 


" 

16 




bcawowedlcs. FAB MS; 548 (M* + H), 547 (Ntf"X WMK 
(300 MHz, <^Drv(SO, 22 *C, TMS): 6 - 9,03 {d, I H, #- »4 
Hz}, 8.47 (d, IM,-/ = 8.2 IUX (t, IH.^- 7.2 H4j | 
lli 7.9 H7.), 7.96 a IH. J » 7.7 Ife). 7.86 (t, ifi,^- 63 
Fl4^«l 7.56(4, IH, ^7.6^7.36 (d. 
m /- 7.9 7. 13 (d, 1^7= 4.6 Hz). 7.1 1 (d. 2Hj J- 7.9 
(s,)ll>. I". ; 




♦*!' * 



- VI- 
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Table I 



•rt^l.^hilitvof flio complex ;• 
Ideally *lowmolecular weight component to be used in OLEDs should fee ., 
• sublimable and stable at standard deposition conditions. Importantly, many of the 
complexes in the present invention are therrnally stable up to - 400 >C and decompose to 
give rnetaOicplatinum only at texture above420 >C (see TGA curves for complexes* 
and-15lJiFigun?J 2 and 3 respectively). J-wntW, 
The observed thermal stability of these complexes described » the present mventmn 
which contain e tridentate cyclonxetalating ligand. contrasts sharply with the bklotUne 
PtCtlwWHterdescribedbyLarnaskyetal. which are unstable upon sublimatxon. 

neutralize* the positive charge centered on Pt(II), enhances the stability of these complexes, 
and moreover, shifts the WT emission bathochroxnicaUy. The family of complexes 
depicted by Formula I and D display strong orange to red photoluminesccncc m fluid 
solution . Examples of characterise absorption and emission band olthese emitters » 
present invention axe summarized ill Table II; 
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* • i 




Absorption' • 



MLCT Band / nni fe / djp l ^ g£|) 
'"' 77 (ggoT 450 f A, 4920^ 505 (sty43 0I 



.15 



16 



44 0 » 46S~& **fly 51^ f«Ml»g. 



44O feopt 4fiQ (ah , 4220). 5Z0 fth, 1570)_ 



432 f8670), 455 (sh, gjj^ SlS^m 



fr^gg? 453 AW 4768). 515 640) 



4lS^sh T 1293Q > ,Sia (sfa.540) __ 

**j6 (49701 460 fljh **M) T 515 (sh, 460) 



' 442 fcoioj, 46< gh *80ffl 5Z0 (stu 670) 



Emission : 



\ family/ 
570 (0.31; O-tifrl 
582(0.39; 0.Q33) ■ ; 



fi0Qf0.17; O.QitS) 
630 



598 (0.53; 0.0,7-6) 
5B5 f0.33; Q.€g3) 



560 (0.93:0.077) 



616 <;0.91 ; 0.025),^60 (ah): 



Tablet! 



ill 



"I , 



Notice that all the data were collected with degassed CH.Ci, solution at 298 K. 
Exemplified abso*tion and emission specui for complexes 2 ami 1$ are she i^Rgu* 4 
ami § respectively; The intense orange to ^ pk»pl— c ° m P lexes ^ C ; 
present invention together with their stability towards sublimation means that the* : 
n*tenals can be used as emitters or dopants' in Mfih-performance OLEDs. 



Qn^jg tiflht-eniittinp devjoes j • 

'!" The disusing the conmlc^^ 
Lee of City University of Hong Kong, possess 1 
Figure 6'. 



i the multi-layer heterostnicture shafyn in • 



' Ail the CXganic layers including the Pt complexes described above and cattodes! 
were vacuum^ posited onto the 170 subtrate. NPB (N,N'-di-l-Baphthvl.N,N^enyl. 
benkdtoe) and Alq, (q = 8-hydioxyo^liayl) were used as the hole transporting tod 
electron txanspoxting layer, respectively. KP (2,9-dimethyl-4,7^phenyl-ia0- ; i 
phe^anthroline, bathocuproine) was used to confine exdtorn within the luminescent zepe. 
Ma^esinm silver alloy was applied as the cathode. The selected Pt complex warped 
into the conductive host material CBP (4,4W-dicarbarol C -bipheayl) as phosphorescent 
emitter. The optimal doping levels we* justed at 2, 4 and 6% and electroluminescence 
■ frointbe-!Pt complexes were obsenred. ' .3^. ; 
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JEraninles .. • ■ ' ; 

A aisnber of examples are listed below, to fimher illustrate the invention 



; Example 1: \' : 
Complex 2 was used as the emitter. Typical electroluminescent spectrum, current-; 
volteee (I-Y) luminance-voltage (B-V) curves and luminescent efficiency Wb.t. 
density curve of the device with a doping level of 2% arc shorn in Figure 7. Tum-9* 
voltage: - 5 Vj maximum luminance: 9600 Od /m* at 12 V; maximum efficiency: 4.2 Cd7 
A at 25 mA/cm 1 - In the eledxoluminescent ^ectrum. a peak at 430 nm besides theiband at 
SStWSO.nm is bbservedC indicating insufficient energy transfer between the host aqd the . 
dopant. ■ 

: • !' i Ji: : 

P,y am p le2: ■ <; • , 

The performance of the device using lepmplex 2 a* emitter with a doping le|el of 4% 
are shown in Figure 8. Turn-on voltage; - SIV; maximum luminance: 7900 Cd/trfWlO 
V; maximum efficiency: 2.4 Cd/ A at 30 mA / cm 1 . At this doping level, energy habsfcr 
between this host and the dopant is saturated; thus emission from the host is avoided: 

,: - 

Complex 3 was used as the emitter, -the performance of the device with a doping 
level of 4% are shown in Figure 9. A bathochromic electroluminescence is observed (K»* 
580 nm), which is coinciding with the trend.iof the photolurnmescerice shown by these 
complexes in room-temperature CI^Cl, solutions. Turn-on voltage: - 5 V; maximum 
lutmnance: 4000 Cd / m 1 at 12 V; maximum efficiency: 1.4 Cd / A at 20 mA / cm*. 

Complex 16 was used as the emitter. . The performance of the device wimiajdoping 
level of 4% are shown in Figure 10. The electroluminescence is red with vibronically 
knictoed emission spectrum (X ma 6 10 nm,; 660 nm). Tum^n voltage: - 5 V; maximum 
luminance: 3200 Cd / m 1 at 1 3 V; maximum efficiency: 1 .0 Cd / A at 30 mA / era 1 . 

Generally, the organometallic light-emitting materials as depicted inFiguijejl aad H. 
in present invention are demonstrated to benovel electrophosphorescent cmitters.&J.plicable 
to high-efficiency and -brightness orange to red light OLEDs. ■:;=. ' 
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i = WJule itis apparent that the embodiments of the invention herein disclosed a^e well 
suftea to -Sm the.objectives stated above, fe*fll be appreciated that numerous j 

' modifications and other embodiments may be implemented by those skilled in the art, and it 
is intended that the appended claims cover all such modifications and emhodiments^at fall 
witljiri metroe spirit and scope of the present invention. : 
; • A number of references have been cited and the cntim disclosures of which are 

: ij^iporated herein by reference, ; 

: • • * > s ; ■ 

. i . * : 

i ; , : ; 

i " • " i 

. ». ■ ' • ••" ;{■ 
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What is claimed is: ; •. 

1 A light-emitting mater^^ 
emitting device comprising one or more mctal-acetylide group, coordinated to a metal. 

2. A h^t-emittag material for u^^ 

(^dWi«^l-««^^ , ^ ,,ll^,,k,ll,, : 

3 . A light-emitting material for-use as an emitter or dopant in an organic light-' 
emitting diode comprising atridentate ligarxi which is coordinated to platinum uaing one 
carbon and 'two nitrogen atoms. 

4. A Ught-emittingmataial finite as an emitter or dopant in an organic light- 
emitting diode comprising a tridcnlaie ligand which * coordinated to platinum.uaing a 
dilmlne group -elected from a.a'-bip^dineand subsrituted 2.2'-bi I «yridine3, and a 
deprotonated aromatic group selected from phenyl, aryl and beter«>atom^ontaimng,arj4. 

5; A light-emitting material for use as an emitter or dopant in an cnpimclight- 
emitting diode having a chemical structure represented by either Formula 1 or U: . 





wherein E - Group 16 elements (including sulphur); M = Group 10 metal: 
(including platinum); R,-R l4 are each independently selected from the group. consisting of ' 
hydrogin; halogen; alkyl; substituted alkyl; aryl; substituted aryl, with substitucnts selected 
from the group consisting of halogen, lower alkyl and recognized donor and acceptor 
groups; R, can also be selected from (CG)A„ where (C-C) represents a carbon-carbon 
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triple faart.(>"&U* group), n is selected from 1 to 10, and R w b selected from all=0,aryt, 
substituted «iyl, wid te(aI)7l)sayL 

6. IDe light-emitting material ^accordance with Claims 1,2, 3, 4 or 5 which 
can be deposed as a thin layer by sublimation or vacuum deposition. 

7. The Ught-emitting material in accordance with Claims 1 , 2, 3, 4 or 5 which 
cm be Seated into organic light -emittin^diodes using spin-coating ox other methods. 
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Figure 1. General heterostructure of OLEEfs, 



111- 
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fight 



Figure curve of complex 2. 
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Figured. TGA curve of complex 15. 




' Temperature [* C] 
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Figure 5. UV-vis absorption and emission spectra of complex 15 in dichloromethatic at 

ij ■ • . 

298 K. 




waveleugth / nm 
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Figure 6..Tjhe heterostructure of OLEDs injpresent invention. 



-II- 
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figure 7; Electroluminescent spectrum, cu^ent-voltage (I-V) and luminance-voltage (B- 
V) cufv M and luminescent efficiency-current density curve of the device using 
complex 2 as emitter with a doping level of 2%. 



J 




Current penjfiy fmA/cffi 3 ) 
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- 

Figure 8. Electroluminescent spectrum, cutrent-voltage (I-V) and luminance-voltige (Br 

V) curves and luminescent efficiency-current density curve of the device using 

j « 

complex 2 as emitter with a doping level of 4%. 

■ i 
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Figure 9. Electroluminescent spectrum, cumnt-voltage (I-V) and hmunance-volta£e(£- 
V) curves and luminescent efficiency-current density curve of the device using 
complex 3 as emitter with a doping level of 4%. 




Current Dotal (mA/cm 1 ) 
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Figure 10. Electroluminescent spectrum, current-voltage (I-V) and luminance-voltage / 
. ' (B-V) curves and luminescent efficiency-current density curve of the deyice:using 
complex 16 as emitter with a dopingtevcl of 4% 
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Abstract 



Disclosed herein are novel light-emitting materials of Formula I and II belcjv*; These 
new complexes are synthesized and found to.be sufficiently stable to allow sublimation and 



vacuum < 



i deposition. These new emitters are electrophosphorescent and can be used In 
.organic light-emitting devices (OLEDs) for device elements capable of emitting light of 
color ranging from orange to red with high-efficiency and high-brightness. 



Rib R11 



Hr ~\_y — t — s 





i n 

wherein E ■ Group 16 elements (including sulphur); M = Group 10 metal-; 
(including platinum); R,-Rn are each independently selected from the group 
: consisting of hydrogen; halogen; alkyl; substituted alkyl; aiyh substituted aryl, with 
substituents selected from the group consisting of halogen, lower alkyl and 
recognized donor and acceptor groups. Ri can also be selected from (CkG) d R i4 , where 
(C=C) represents a carbon-carbon triple bond <acetylide group), n is selected from 1 to 10, 
and R IS is selected from alkyl, aryl, substituted aryl, and tri(alkyl)sllyl. 
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